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The material prosperity of the last cen-
tury is due to the co-operdtion of threa
classes of men: the man of sclence, wWho
Uves only for truth and the discovery of
nature's laws; the inventor, eager to apply
these discoveries to  money-making ma-
chines and processes, and the euglneer,
trained in mathemstical investigation and
in knowledge of the physical conditions
which govern his profession, which is the
mechanical application of the laws of na-
ture.

Engineering 18 sometimes divided into
elvil, military and naval engineering. The
term civil engineering, which will be hera
deseribed, Is often used by writers as cov-
ernig structural engineering only, but 1
has o much wider meaning.

The logleal clnssification 1= statieal en-
gincering, including that of all fixed bodies,
and dynamical, covering the movement of
all bodles by the development and appli-
catlon of power,

Statical engineering can bLe again subdi-
wvided into structural engipeering, ur that
of rallways, highways, bridges, foundations,
tunnele, buildings, ete.; ulso, into hydraulle
engineering, which governs the application
of water to canals, river improvements,
harbors, the supply of water to towns and
for Irrigation, disposal of sewage, el

Dynamical engineering can  be divided
into mechanical engineering, which covers
the construction of all prime motors, the
transmiseion of power, and the use of mo-
chines and machine tools: Closely allled is
eiectrical engincering, the art of the trans-
formation und transmission of energy for
traction, lighting, telegraphy, telephoniug,
operating machinery :aud muny other uses,
such as Its electrolytic application to ores
and metals.

Then we have the comblnead application
of stutical, mechanjcal and electrical en-
gineering to what is now called industrial
eangineering. or the production of articles
useful to man. This may be divided into
agricultural, mining, metallurgical and
chemical engineering.

Surely this ¢ a vast field, and can only
be hastily described in the sketch which we
are about to give.

This is the oldest of all. We have not
been able to surpass the works of the past
in grandeur or durnbility. The pyramids of
Egypt =till stand, and wiil stand for thou-
sands of years. Roman bridges, aqueducts
and sewers still perform their dutles. Jo-
seph's canal still irrigates Lower Egypl.
The great wall of China, runuing for 1,0
miles over mountains and pluins, contains
150,000,000 cuble yards of materiols, and s
the greatest of artificiul works. No modein
bullding compares in grandeur with St
Peter's, and ths mediueval cathedrads
shame our puny lmitations,

These mighty works were bullt to show
the plety of the church ar to gratify the
pride of Kings. Time aud mopey were of
no wccount. All this has now been changed.
Capital controls, aud the question of time,
money and usefulpess rules everylaing.
MHenee come scientifie deslgn and labur-sav-
ing machinery.

I'he engineer of our modern works first
calculates the stresses on all thelr parts,
and proportions them accordingly, so that
there is no waste of material. Hand Iabor
has given place to steam machinery, All
parts aro interchangeable, s0 that they
can be mades and fitted together in the
least posaiblo time, as I8 scen every day
in the construction of a steel-framed oMce
bullding. OQur workmen recelve much higher
wages than In the past, while time and
cost have been diminished.

Building Railways the Greatest
Feat of the Century.

The grentest engineering work of the
Nineteenth Century wus (he development
of the rallway system, which has chungoed
the face of the world., Beginulng in 180
with the locomotive of George Stephenson,
It has extendad with such strides that, aft-
er seventy years thers are 466,000 miles of
rallways In the world, of which 180,000
miles ure in the Unlted States. Thelr cost
is estimated at forty thousand milllons of
dollars, of which ten thousand millions be-
long to the United States.

The rapidity with which rallways are bullt
in the United States and Cannda contrasts
strongly with what has been done In other
countries. Much has been written of the
energy of Russia In buliding 3,000 miles of
EBlberian rallway In filve or six vears. Inthe
United States an average of 6,147 miles was
completed every year during ten successive
years, and in 1887 there were bullt 12,582
miles. The physical difficulties overcome in
Siberia are no greater than have been over-
come here.

This rapld construction is due to several
causes, the most potent of which has been
the need of extendlug rallways over greatl
distances with little money. Hence they
were bullt economically, and at first in not
as =0lld a manner as thuse of Europe, Steep-
er gradients, sharper curves and lighter rads
were used. This rendered necessury a dif-
ferent Kind of rolling stock sultable to such
construction. The swiveling truck and
equalizing beam enabled our engines to run
safely on tracks where the righd European
engines would soon have been in the ditch,

QOur cars were made longer, and by the use
of longitudinal framing much strooger. A
great economy came from the use of an-
nealed cast-iron wheels, with hardened tires,
all In one plece, Instead of belng bullt up of
spokes, hubs and tires in separate parts.
These wheels now seldom break, and cost
much less than Europcan wheels. As there
are some 110000 car wheels In use in the
Unlted States the resulting economy is
great.

It was goon seen that longer cars would
Carry a greater proportion of paying load,
and the more cars that ones engine could
draw in a train the less would be the cost,
It was not untll the invention by Bessemer
in 186 of & steel of quality and cost that
made 1t avallable for ralls that much heavier
curs and locomotives could be umed. Tlen
came & rapid increase. As soon aw Bessemer
ralls were made in this country, the cost
fell from §I75 per ton to 3, and now to 3%,

Befors that time a wooden car weighed
tixtecn tons and could ecarry a paying lond
of tweaty-five tons. The thirty-ton engine
of those days could not draw on a level
over thirty cars, weighing 1,250 tons,

The pressed stsel car of 1o-day weighs no
more than the wooden car, but carries a
paying load of fifty tons. The heaviest en-
gines can now draw on a level 100 stee] cars,
welghing 6600 tons. In the one cass, the
paying load of an engine was 730 tons; now
it is 5,000 tonm

Steep grades soon developed a1 Sarter
brake system, and these heavier trains have
led to the inventlon of the automatic brake
worked from the engine, and also automatic
couplers, saving time and many lives. The
ripacity of our railwayvs has heen greatly
1n<;reau-d by the use of electric block sig-
nnle.

The perfecting of both the rallway and lis
folllng stock has led to remarkable results,

We have no accurate statistics of the
enrly operation of American rallways. In
1567 Poor's Manual estimated thelr total
frelght tonnage at $75,000,000 and the total
frelght recelpts at $400,000,000. This was an
average rate per ton of $.43,

In 1898 Poor gives the toial freight tonnage
at 5780941 tons, and the freight recelpis
At §2,.430,314, or an average ratn per ton of
B cents. Had the rates of 1867 prevailed,
the additivnal yearly cost to the publie
woiid have been $4.275,000,000, or sufficlent to
replace the whole rallway system In two and

half years.
[his is au lllustration only, but a very

o) sma. HBwerybody knnws that such

-

high rates of freight as thoss of 1867 would
huve checked traffic. This much can surely
be sauid: The reduction in cost of operating
our railways, and the consequent fall in
freight rates, have been potent factors In
enabling the United Stitea to send abrord
Inst year $1,455,000,000 worth of exports and
flood the world with our food and manuface
tured products.

Picturesqueness in Bridges Has
Given Place to Cheapness
And Ugliness.

In early days the bullding of a bridge was
a matter of great ceremony, and It Was
consecrated to protect it from evil spirits.
Its construction was controlled by priests,
#s the title of the Pope of Rome, “Pontl-
fex Maximius,” indicates,

Rallwayrs changed all this. Instead of the
picturesqus stone bridge, whose long line
of low arches hiarmonized with the land-
scape, there came the stralght girder or
high truss, ugly Indeed, but quickly bullt,
anl costing much less.

Hridge construction has made gréeater
progre=s in the United Stales than nbroad.
The heavy trains that we have described
called for stronger bridges. The large
Amerlcan rolling-stock Is not used In Eng-
lund, and but little on the Contlnent of
Europe, as the width of tunnels and other
obstacles will not allow of it. 1t 18 sald
that there s un average of one bridge for
every toree miles of rallway in the Unlted
States, making 5,000 bridges, most of which
have been replaced by new and strongs=r
ones during the lust Iwenty years.

This demuond has brought into existence
many bLridge-bullding companles, some of
whom muke the whole bridge, from the ore
1o the fini=shed product.

Before the advent of rallways, highway
bridges in America were made of wood, und
called trusses. Few of them existed before
rallways. The Jurge rivers und estuaries
were crossed In horse boats, a trip more
dangerons than an Atlantic voyuge now s,
A few smaller rivers had  wooden truse
Lridges, Although originally invented by
Leonardo da Vinel, In the Slxteenth Cen-
tury, they were reélnvented by American
carpenters. Some of Durr's bridges are
still standing after more thian one hundred
years' ush. This shows what wood can do
when pot oversirained and protected from
weather and fire.

The coming of railways required a strong-
er type of bridge to cirry  concentrated
loads, and the Howe truss, with vertical
fron rods, was Invented, eapable of 150-foout
spans.

Ahout 1868 iron bridges began to take the
place of wooden bridges. Dle-forged eye-
burs and pln connections allowed of long-
er panels and longer spans. The first long-
span bridge was a  single-track rallway
Lridge of 400-foot span over the Ohio at
Cinclnnatl, which was consldered to be &
great dachievement in 1870,

The Kinzun viaduet, 310 feet high and
over hulf a mile lung, beiongs to this era.
1t Is the type of the numerous high vla-
ducts now o cummon.

About 1885 a new material was Elven to
enginecrs, having greater strength and ten-
aclty than fron, and commerclaily avallable
from its low cust. This Is basic steel. Afier
many experiments, the proper proportions
of carbon, phosphorus, sulphur, amd man-
Bunese were ascertalned, and uniformity re-
sulted. The open-hearth process ls now gen-
erully used. Thls new chemical metal, for
such It is, 18 30 per cent stronger thun lron,
and can be tied in a knot when cold.

The effect of lmproved dey
use of steel Is shown by the welights of the
4M-foot Ohio River Iron bridge, built in
157, and & bridge at the same place, bullt
in 18§46,

The bridge of 1870 was of Iron, had panels
twelve feet long, and its helght was forty-
five feet, and span 400 feet.

The bridge of 1586 was of steel, had pan-
elg thirty feet long, and its helght was
eighty feet. Its span was G660 feel. The
weights of the two were nearly allke.

The cantilever design, which is a revival
of u very anclent type, came Inty use. The
great Forth Uridge, in Scotland. 1,6M-foot
span, I8 of this style, us are the H%-foot
spuns at Poughkeepsie, and now a new one
is belng designed to cross the 81, Lawrence
near Quebec, of 1,800-foot span.

This 1s probably near the economle llmit
of cantllever construction, but the EUSPOTI-
slon bridges can be extended much farther.
ux It enrries no dead welght of compres-
slon members.,

The Nlagara Suspension Bridge, of 810-foot
gpan, bullt by Roebling in 1852, and the
Brookiyn bridge, of 1,600 feet. bullt by Howeb-
ling and his son, twenty vears after, marked
4 wonderful advance in bridge design,

Thirty yesrs later, when a new bridge of
1600 feet was wanted to cross another part
of the East River at New York, the same
lnes of construction were followed, and they
will be followed In the 2,700-foot span, de-
slgned to cross the North River, some time
in the Twentleth Century. The only radical
advance Is the use of a better sicel than
could be had In earlier days,

Steel-arched bridges now are sclentifically
designad. Buch are the new Niagara bridgd,
of B40-foul spun, und the Alexandra bridge,
at Paris.

It is curious to see how little Is sald about
these beautiful bridges, which the publie
takes as & matter of course. If they had
been Lullt Hity yesars sgo thelr 0ng'1m!er-
would have recelved the sams praise as
Robert Stephenson or Roebling, and Justly
50, 85 they would have been men of excep-
tlonul genius. When these bridies were
bullt, in 1898, the path had been made so
clear by mathemutical investigation and the
command of a better steel, that the tusk
eeemed easy.,

Victoria Bridge at Montreal
Marks Great Advance.

That which marks more clearly than any-
thing else the great advancs in American
bridge bLullding, durlng the last forty years,
Is the reconstruction of the famous Victoria
bridge, over the S.. Lawrence, ahove Mon-
treal. This bridge was deslgned by Robert
Btephenson, and the stone plers are a monu-
ment to his engineering sklll.  For forty
winters they bave resisted the great flelds
of lce borne by a rapld current. Thelr di-
mensjony were so liberal that the new bridge
was put upon them, although four times as
wide as the old cne.

The superstructure was originally made of
plate-iron tubes, re-enforced by tees and an-
gles, eimllar to Stephenson’s Menal Straits
bLridge. There are twenly-two spans of 240
feet each and a central one of 33 feet. Per-
haps these tubes were the best that could be
had at the time, but they hind outlived thelr
usefulness. Their Interiors had beecome
greatly corroded by the confined gases from
the engines and the drippings from the
chemicals used in cold-storage cars. Thelr
helght was insufficlent for modern large
cars, and the confined smoke made them so
dark that the number of trains was greatly
Umited.

It was declded to bulld & new bridgs of
open-work construction and of open-hearth
atesl. This was done, and the comparison
is as follows: Old bridge, sixteen fest wide,
single track, llve load of one ton per foot;
new bridge, slxty-saven feet wids, two rall-

wny tracks anl two earrlage ways, liva
load, five tons per foot.
Ths 0ld lron tubes weighed §0,0% tens,

cost $2,713,000, and ook iwo 8 asors (o erecl.
The nuw trues bridie welghs 22000 tons, has
ocout between §1,300,000 and $1,400,000, und the
time of construction was ons yveaw,

During his expaisnce the writer hins seen

\‘t\.

the rolling lomd of bridges Increass from
2000 to 4,000 pounds per lineal foot of track,
with an extra allowance for concentrated
loads.

The modemn high office bullding Is an In-
teresting example of the evolution of a high-
vinduct pler, Such a pler of the required di-
mensions, strengthened by more ecolumns
strong enough to carry many ficors, is the
skeleton frame. Inclose the sides with brick,
stone or terrn-cotta, add windows and
doors, and elevators, and It Is completa,

Fortunately, for the stabliity of thess high
buildings, the effect of wind pressureas had
been studied In this country in the desi
of the Kinzau, Pecos and other high via-
ducis.

Effect of Wind Pressure on
High Office Buildings.

All this had been thoroughly worked out
and known to our engineers bsfors the fall
of the Tay bridge In Bcotland, That disas-
trous event led to very careful experiments
on wind pressures by Sir Banjamin Baker,
the very eminent enginecr of the Forth
Bridge. His experimenta showed that a wind
gauge of 300 square fect area showed o mMax-
fmum pressure of thirty-five pounds per
square foot, while & small one of one and
one-hnlf square feet aren registered gusis
of fortyv-one pounds psr equara fool.

The modern rlevated rallway of cities Is
gimply o very long rallway viaduet, Homa
{dea may be galned of the e of 2 modern
rivetted-lron structure from the experiencs
of the Manhattan Elevated Rallway «f New
York. These ronds were bullt in 1575-78 to
ecarry uniform loads of 1600 pounds pir
linenl foot, except Secand avenue, which
was mades to carry 2,000 The stresses were
below 10,000 pounds per square Inch.

These vladucts have carried In lwenty-
two vears over 25000000 tralns, wuighing
over 3,000,000.000 tons, at a maximum specd
of twenty-five miles an hour, and are still
In good order.

Bridge engineers of the present day are
free from the difficulties which confrontad
the early designers of Iron bridges. The
mathematics of bridge design was under-
stood In 1870, but the proportioning of de-
talls had to be worked out Indivhlually,
Every new span wias a new problem. Now
the engineer tells his draftsman to de-
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bullt a bridge over Charles River at Boston,
1470 feet long by forty-six feet wide. This
bridge was of wood supported on pllea. His
work galned for him wsuch renown that
he was called to Ireland and bullt & sim-
ilar bridge at Balfast,

Tunneling by compressed alr | a horizon-
tal application of compressed-alr founda-
tions. The earth is supported by an iron
tube, which Is added to in rings, which are
pushed forward by hydraulic jacks.

A tunnel {s now belng made under an arm
of the sea betwsen Boston and East Bos-
ton, some L400 feet long and sixty-five feet
below tide. The Interior lining of iron tublng
is not used. The tunnel is built of conorets,
re-anforced by steel rods. This will effect &
considerable economy. Buccess in modern
engineering means doing a thing in the
most economical way conaistent with safety.

The Bt Clair Tunnel, which carrles the
Grand Trunk Rallway of Canada under the
outlet of Lake Huron, is a successful ex-
ample of such work. Had the North River
Tunnel, at New York, been deslgned on
cqually sclentifle principles, It would prob-
ably have hieen finlshed, which now seems
problematical.

The construction of rapld-transit rallways
In citles Is another branch of englineering,
covering structural, mechanical and elec-
trical engineering, Bome of these rallways
ars elevated, and are meraly rallway via-
ducts, but the favorite typs now Is that of
Eubways, There are two kinds, those near
the surface, llke the district rollways of
London, the subways In Puris, Herlin and
Boston, and thut now bullding in New York,
The South London and Central London, and
other London projects, are tubes sunk fifty
to elghty feot below the surface and regulr-
Ing clevators for gecess, Thess ire made
ull & plun devised by Greathend, and consist
of cast-iron tubea pushed forward by hy-
draulle rums, and having the space outslde
of the tube tilled with llquid cement pumped
into place.

The constructlon of the Boston subway
was difficult on account of the small width
of the streets, thelr great traflic and the ne-
cessily of underpinning ths foundations of
bulidings. All of this was successfully done
without disturbing the tratic for a slngl~
day, and reflects great credit on the engi-
neer. Owlng to the gredt width of New
York strects, the problem I8 simpler In that

slgn a span of a given lengih, helght and § respect, but requirss gkill In design and or-

width, and to carry such a load. [y the
light of experlence he d7es this at cnes.

Connections have become standardized =o
that the duplication of paris can be vartied
to Ita fullest extent.

Machine tools are used to maKe every
part of a bridge, and power rilvellers 1o
fasten them together. Great accuracy «an
now be had, and the sizes of parts have In-
creased In a remarkable degres.

We have now greal bridge companles,
which area so completely equipped with op-
pllances for both shop drawlngs and con-
struction that the old joke becomes almost
trus that they can make bridges and sell
them by the mile.

All improvements of design are now publlo
property. All that the bridge companis do
is done in the flerce light of competltion.
Mistakes mean ruin, and the titlest only
survives.

Huving such powerful alds, the American
bridge engineer of to-day hos advaniages
over his predecessors and over his European
brethren, where the American system has
nut yet been adopled.

The American system gives the greatest
posslble rapldity of erection of the bridge
on its plers. A span of 518 feet, welghing
100 tons, was erected at Cairo on the Mis-
sisslppl In six davs. The parts were not
assembled untll they were put apon ths
fralse works. European engineers hove some-
times ordered o bridge to be rivetted to-
gether complete In the maker's yard, and
then taksn apart.

The adoption of Amerlcan work In such
bridges as the Atbara In South Africa, ths
Goktelk viaduct In Burmah, 320 feet high,
and others, was due to low cost, quick de-

livery and erection, as well as excellence of 1

maulerial and construction.

Superiority of the American
Bystem. The St. Lonis and
Brooklyn Bridges.

Bridges must have foundations for thelir
plers. Up to the middle of the Ninteenth
Century engineers knew no better way of
making them than by laying bare the bed
of the river by a pumprd-out cofferdam, or
by driving plles Into the saml, us Jnlius
Caesar did. About the middle of the cen-
tury a French engineer concelved the first
plan of a pneumatie foundation. which 1=l
to the present syvstem of ¢ ompressing alr by
pumping it Into an inverted hox. called a
calsson. with alr locks on top to enable men
and materlals to go In and vut. After the
suft materfals were removed, and the cals-
gon sunk by fts own welght to th> propor
depth, It was fllled with concrete, ‘The limit
of depth Is that In which men can work in
compressed alr withont Infury, and this is
not much over 100 feet.

The foundation of the Brooklyn and St
Lonula bridges were put down In this wran-
ner.

In the constructlon of the Poughkeepsia

bridge over the Hudson In 1857-8, It became |

necessary to go down 135 feet below tide-
level before hard bottom was reached,
Another process was Invented to take the
place of compressed alr. Timber cuissons
were bullt, having double sides, and the
gpaces beiween them flled with stone to
give welght, Thelr taps were 1eft open and
the Amerioan slngle-bucket dredge was
used. This bucket was lowered and fted
by & very long wilre rope worked by the
engine, and with It the soft materlal was
removed. By moving this bucket to differ-
ent parts of the calsson Its sinking was
perfectly controlied, and the calsson final-
ly placed In its exact position, and per-
fectly vertical. The Internal space wwas
then filled with concrete Inid under water
by the same bucket, and leveled by divers
when necessary. |

While this work was golng on, the Gowv-
ernment of New South Wales In Australia
called for both designs and tenders for a
bridge over an estuary of the sea called
Hawkesbury. The conditlons were the
same ns at Poughkeepsie, except that the
soft mud reached to a dept of 160 feet he-
low tide-level.

The designs of the engineers of the
Poughkespsie bridge were accepted, and
the same method of sinking open cnlssons
{in thils case made of Iron) was carried out
with perfect success.

The erection of this bridge Involved an-
other difficult problem. The mud wans too
suit and deep for piles and staging, and
the cantllever system In this site would
have Increased the cosl

A staging was built on a large pontoon
at the shore, and the span erected upon it
The whole was then towed out to the bridge
site at high tlde. As the tlde fell, the pon-
toon was lowered and the steel girder was
placed gently on Its plers. The whole op-
eration was completed within six hours.
The other five spens were placed in the

same MANDer.

The same systemm was followed afler-
warda by tha engineer of the Canadinn Pa-
cifie In placing the spana of a bridge over
tha BL. Lawrence, in a very rapld current
't la now used in replacing old sapand by nuw
cnes, as It Interrupts trafMe for the lewst
pcrr'ble time,

The rolution of the problems jroenented at
Huwkesbury gave tha second introduction
of American engineers 10 “ridge | ang
outside of America, The first was In 1785,
whety an Amarican garpenier ur shipwrighl

gunization, to complete the work in a short
time. Although muany times us long as the
Boston subway, [t will be bullt in nearly
the same timme. The design. where In earth,
may be compared to that of a steel office
butliding twenty miles long, lald flit on ona
of Its sides. ‘The redupiwation ol paris
saves thme and labor, and i3 the key to
the untlelpated rapld progress. Newr the
surfuce this subway is buiit in open excava-
tion, and tunneling is confinal Lo ruck.

The construction of power-houscs for de-
veloplag cnergy from coul and from falling
water requires much structural besides elec-
trical and mechuanieal englueering ablity,
The Niugara puwer-house 15 intended to de-
velop 100,000 horse-power; that at the Saulte
Ste, Marie as much; that on the St. Law-
rence, at Massena, 70,000 horse-povier. Thesa
are huge works, requiring tunnels, roek-cut
chamuers and masonry and concrete in
wulls and dame. They cover largo extents
of territory,

The contrast in slze of the coal-using

bullding by the Manhattan

er-house now
in New York, ucveilups

E.evared Rallway,

horsc-power, or a3 nuch power uy that
utilized at Niagarn Falls.

One of the most useful materials which
muuern englnecrs now maks use of Is con-
ceete, which can boe put Into  confined
sprees and leld under water. It costs less
than mascnry, while ns strons. This Is the
revival of the use of o muterial used by
the Romane. The writer was once allowed
to climb a ladder nnd look at the construc-
tion of u dome of the Pantheon, at Rome.
He found It & monolthic mass of concrete,
and hence without thrust. 1t Is a better
plece of englneering construction than the
dome of St. Peter's, bullt 150 years later.
The dome of Cclumbia College Library, In
New York, Is bullt of concrete,

Conerete I8 & mixture of broken stofe or
gravel, sand, and Portiaod cementy Ita vir-
tue depends upon the unlform good quality
of the cement. The use of the rotary kiln,
which exposse all the contained material to
o uniform and censtant infeags heat, has
revolutlonlzed the manufneiure of Port-

! iand cement. The englnesr can now depend

upon Its unifority of strenstih,

Wheels, axles, bridges and r s have all
been strengthened to carry thelr Increased
londs; but, sirange to say, the splices which
hold In place the enda of the ralls, and
which are really short-span bridges, are

now the weukest oart of a raliway. The
| angle-bar splice has (but one-third of the
strength of the rall, and Its strength can-
not be Increaszd, owing to its want of
| depth. Joints go down under every passing
wheel, and the ends of the ralls wear out
long before the rest.

This is not an insignificant detail. Tt has
heen estimated by the oflicers of one of tha
trunk llnes that a splice of proper deslgn
and strength would save yvearly enough in
track labor (meost of which I8 expended in
tamping up low jolnts) to buy all the new
rails und fastenings required fn same time,
i Tt dould save much more than that In the
wenr of rolling-stock., A perfect joint would
he an economic deviea next In value to the
Lieseemer steel rall. Here |8 a place for
gclentiflec and practleal skill,

HYDRAULIC ENGINEERING.

This Is one of the oldest branches of en-
glneering, and was developed befora the
last century. The Irrigation works of Asia,
Aflrica, Spain, Italy, the Roman aque-
duets, and the canals of Europe, ars ex-
amp.es. Hydraulle works cannot he con-
structed In Ignorance of the laws which
govern the flow of water. The action of
water Is relentless, as rulned canals, ab-
structed rivers and washed-out dams do
testify.

The principal additions of the Nineteanth
Century to hydraullc engineéring are the
collection of larger statistice of the flow
of water In pipes and channels, of raintall,
run-off, and avallable supply. It Is now
known that the germs of dlsease can he
retained by ordindry =and filters, and It is
now an established fact that pure drinking
witer and proper druinage are a sure pre-
ventive of typhold and similar fevers, Very
foul water cun be made potable. Experl-
ments show that the water of the Schuyl-
klll River at Phllndelphla, which contains
400,000 germs In the spuce of less than g
cuble Inch, was so much purified by filter-
ing that only sixty remained. This s a
discovery of sanitary science, but the ap-
piication of It Is through structural en-
gineering, which designs and executes the
fliter beds with great economy.

The removal of sewage, afier having beeyn
done by the Etruscans before the foun-
datlon of Rome, became a lost art during
the dirty Dark Ages, when fiith and piety
were deemed (o be conpected (D some mya-
terlous way.

John Wesley on Cleanliness and
Its Relation to Sewerage Systems,

It was reserved for gond John Wesley to
point out that “cleaniiness Is next to godil-
nesa' Now sewerage works ars as common
as those for water supply, Bome of them
have been of great size and cost. Buch are
the drainage works of London, Paris, Ber-
lin, Boston, Chicags and New Orleaus A

very diffioult work wsa the dralnage of the-

power-houses 1s interesting. The new pows- !
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City of Mexico, which is In a valley sur~
rounded by mountains, and elevated only
four or five feet abovs a2 lake having no
outlet. Attempts to drain the lake have
bedn made In vain for 600 years. It has
Iately been accomplished by a tunnel six
miles long through the mountains and &
canal of over thirty mllas, the whols work
consting some $20,000,000.

The dralnage of Chicago by locks and
canal Into the Illlnols River has cost some
$35,000,000, and {s well worth Its cost.

Belentific research has been applled to
the designing of high masonry and concrete
dams, and we know now that no wall-de-
signed dam on & good foundation should
fall. The dams now bullding across the
Nile by order of the British Government
will create the largest artificial lakes in
the world. The water thus stored will be
of inestimable value In Irrigating the crops
of Lower Egypt. Thelr cost, although great,
will not exceed the sums spent by lavish
Khedlve Ismall on useless palaces, now fall-
ing to decay.

Tho Buex Canal {s one of the greatest hy-
draullc works of the lnst century, and ls &
notable Instance of the dl¢placement of
hand labor by the use of machlnery. Is-
mall began by Impressing o lurge part of
the peasant population of Egypt, just as
Ramesecs had done over 3,000 yvears before.
Thesa unfortunate people were get to dig
In the sand with rude hoes, and carry It
away in baskels on thelr heads, They dled
by thousands for want of wuter nnd prop-
er food. At Jast the French englneers per-
suaded the Khedive to let them Introduce
stenm dredging machlnery. A lght rallway
wns Iaid to supply provislons, und a small
ditch dug to bring pure water. The numler
of men employed fell to one-fourth, Ma-
chinery did the rest. But for this the canal
would never have been fnished.

The FPanama Canal now uses the best
modern machinery, and the Nicarangua
Canal, if bullt, will apply stlil better meth-
ods developed on the Chicago Dralnage
Canal, where materjial was handled at &
less cost than has ever been dune before.

Russla is better supplled with Internal
waterways than any other country. Her
rivers rise near each other, and have long
been connected by canals. It Is stated that
ghe has over 60,000 miles of Internal navi-
gution, and i3 now preparing the construc-
tion of canals to connect the Caspian with
the Baltlc Hea.

The Erle Canal was one of vary small
cost, but Its Influence has been surpassed
by none. The “winning of the Wesl'" was
hastened muny vears by the constructlon of
this work In the first quarter of the cen-
tury. Two horses were jJust able to draw
& ton of goods at the speed of two miles
an hour over the wretched roads of thosa
days, When the cunal was made these
two horses could draw o buat carrying 150
tons four miles an hour. Mud, or, I other
words, frietion, is the great epemy of civi-
lization, and canals were the first things
to diminish it, and after that railways.

The Erie Canal was made by engineers,
but it hnd to make Its own engineers firat,
&8 there wers none available in this coun-
try at that time. These self-taught men
some of themn land surveyvors and others
lawyars, showed themselves the equals of
the Englishmen, Brindley and Smeaton.
when they located a water route through
the wllderness, having a uniform descent
from Lake Erle to the Hudson, and which
would have been so bulit If there had heen
enough money.

The question now I3 whether to enlarge
+ the capacity of this canal by gravity. en-
| Inrging Its prism and locks, or to Increase
speed and ‘move more boats in a season by
electrical applinnces, The last method geems
{ more in lne with those of the present day.
| There =hould he a waterway from the
| Hud=on to Lak= Erle large enough for ves-
| sels able to navigate the laken and the
‘ocean. A draft of twenty-one feet can be
had, at & cost estimated at $200,000,000,

Vessels From New York to
8t. Louls by Way of Great Lakes.

The deepening of the Chicago Drainage
Canal to the Mlesissipp! River, and the
deepening of the Mississippl itself to tha
Guif of Mexicn, Is the loglenl sequence of
the first project. The Nlecarngua Canal
would thenm form one part of a great line
of navigation, by which the products of
the Interlor of the coatinent could reach
either the Atlantic or Pacific Ocean.

The cost would be small. compared with
the resulting benefits, und some day this
navigation will be built by the Government
of the Unlted States,

The deepening of the Bouthwest Pass of
the Mlissls=ippl River from six to thirty
feet Ly Jomes B. Fads was a great enuel-
necring achlevement. It was the first appli-
eatlon of the Jetty syvstem on a large scale.
This Is merely confining the flow of a river
and thus Increasing it veloelty, so that it
secures a deeper channel for Itself.

The Improvement of harlbors follows elose-
ly the Increased size of ocenn and lnke ves-
sels. The approach to New York harbor
is now belng deepened to Torty feet, a thing
imposgible to be done without the lariest
applicatinn of steam machinery in & suc-
tlon dredge boat.

The great Increage of urban population,
due to steam and electric rallways, has
made works of water supply and drainage
necessary everywhere. Some of these are
on a very grand scale. An {llustration of
this I the Croton Aqueduct of New York
as it now Iz and as It will be hereafter.

This work was thought by its designers to
be on a scale large enough to last for all
time. It i& now less thun sixty years old,
and the population of New York will soon
be too large to be supplied by jt.

It {g able to supply 250,000,000 to 300,000,000
gallons dally, and Its cost, when the Cornell
dam and Jerome Park reservolr are fin-
{shed, will be a little over $92,000,000,

It Is now suggested to store water in the
Adirondack Mountains, 203 miles away, by
dnms buflt at the outlet of ten or twelve
lukes, This will equalize the flow of the
Hudson River 2o as to glve 3,000,000,000 to 4,-
000,000,000 gallons dally. It Is then proposed
to pump 1000,000,000 gallons dally from the
Hudson Rlver at Poughkeepsie, sixty miles
away, to a helght sufficient to supply the
city by gravitation through an agueduct
This water would be fiitered at Poughkeep-
sie, and we now know that all Impurities
can be removed.

If this =cheme ls carrled out, the total
supply will be about 1,300,000,000 gallons
dally, or enough for a population of from
12,000,000 to 13,000,000 persons. By putting in
more pumps, filter beds and conduits, this
supply can be increased 40 per cent, or lo
1.500,000,000 gullons daily. This water would
1lll every day a lake one mile square by ten
feet deep. This Is a falr example of the soale
of the engineering works of the Nineteenth
and Twentleth centuries,

By the application of modern labor-saving
machinery, the cost of this work can be so
far controlled that the cost to the city of
New York per 1,000,000 gallons would be no
greater than that of the present Croton

supply.

All worka of hydraullo engineers depend
on water. But what will happen If the
wnter all dries up? India, China, Epain,
Turkey and Syria bave suffered from
droughts, caueed clearly by the destruction
of thelr foreats, The demand for paper to
print books and upon, and for
other purposes, is fast converting our for-
eats Into pulp, We cannot even say, “After
us the deluge,” for It will seldom rain In
those evil days., When the rains do come,
the sponge-like vegetation of the forests
belng gone, the streamas will be torrents at
one time of the year and dried up during
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member of the American Phllosophical

Willls Avenue Bridge, New York.

century’s service has been a factor in
gineering and bridge bullding.
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Mr. Clarke was horn at Newton, Mass, in 1807,
fn 1M48. He ls o specialist in bridge engineering, and in his more thun half a

s - NGINEERING.

THOMAS €. CLARKE.

THOMAS C. CLARKE.

Thomila Curtls Clarke, consulting englneer, has deslgned and built more than
1% miles of iron and steel bridges, viaducts and elevated rallways.
president of the American Soclety of Civil Enginecrs; he is a member and Tel-
ford gold medallst of the Institution of Civil Engineers of London; and he is a

He 9 past

Soclety, Philudelphin. In conjunction

with his associates he designed and bullt the Glrard Avenue Dridge of Fhila-
delphla: Poughkeepsis Bridge; he also designed the Third Avenue Eridge and

and graduated from Harvard

the development of the sclence of en-
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the reat, as wa now see In the arid reglons
of the West.

The Steam Engine’s Growth
Marks the Progress of the Century.

Mechanlcal engineering Is employed In all
dynamical engineering. It covers the de-
signs of prime motors of all sorts, steam,
gas and gasoline reciprocating engines; also
steam and water turbines, wind-miils and
Wave-motora.

It comprises all means of transmitting
power, as by shafting, ropes, pneumatic
pressure and compressed alr, all of which
seem likely to be superseded by electricity.

It covers the construction of machines
tools and machinery of all kinds. It en-
ters Into all the processes of structoral,
hydraulle, electrical and Industrial engl-
neering. The special Improvements uare:
The mlmost unlversal use of rofary motion
and of the reduplication of parts.

The steam engine {s a machine of reclpro-
cating, converted Into rotary, motlon by the
crank. The progress of mechanical engi-
neering during the Nineteanth Century Is
measured by the Improvements of the steam
engine, princlpally in the directlon of sav-
ing fuel, by the {nventlon of internal com-
bustion or gas englnes, the application of
eleetrical transmission, and, Intest, the
practical development of steam turbines, by
Parsons, Westinghouse, Delaval, Curtis and
others. In these a fet of steam Impinges
upon buckets set upon the clrcumference of
& wheel. It was clearly Indicated by the
Itallan engineer Bronca, in 1829, but he was
too early. The time was not ripe, and theres
were then no machine tools giving the per-
fection of workmanship required.

Thelr advantages are that thelr motlon I8
rotary and not reclprocal. They can de-
velop speed of from 5,000 to 30,000 revolu-
tions per minute, while the highest ever at-
tained by a reciprocating engine is not over
1,000. Their thermodynamic losses are less,
hence they consnme less steam and less
fuel.

It Is a very interesting fact that the ba-
sle invention upon which not only steam
turblnes and electric dynamos, but indeed
all other parts of mechanical engineering,
depend ls of such remote antiqulty that
we know nothing of its orlgin. This is the
wheel which Gladstone sald was the great-
est of man's mechanical inventions, a3
there s nothing in nature to suggest G

Duplication of parts has lowered the cost
of all products. Clothing Is one of these.
The parts of ready-moads garments and
ghoes are now cut Into shape in numbers
at a time, by sharp-edged templates, and
then fastened together by sewing muachines,

Mechanical engineering is & good example
of the survival of the fittest. Milllons of
dollurs are expended on machinery, when
suddenly a new discovery or Invention
casts them all into the scrap heap, to be
seplaced by those of greater earning ca-
mcity.

Prime motors derive their energy elther
irom coal or other combinations of carbon,
such as petroleum, or from gravity. This
may come from falling water, and the old-
fushioned wuter wheels of the Eighteenth
Century were superseded In ths Ninetesnth
by turbines, first Invented In France and
sinca greatly perfected. These are used in
the electrical transmission of water power
at Niagara of §,000-horse power and form
& very important part of the plant.

The other gravity motors are windmills
and wuave motors. Windmills are an old
invention, but have been greatly Improved
in the United States by the use of the self-
reefing wheel. The great plalns of the
West are subject to sudden, violent gales
of wind, and uniess the wheel was auto-
matically self-reefing it would often be
destroyed. Little has been written about
these wheels, but their use is very widely
extended, and they perform o most useful
function in industrial engineering.

Saving of Nature’s Stores Is
The Problem of To-Day.

Thers have been vast numbers of patants
tulken out for wave motors. One Wwas In-
vented In Chill, South America, which fur-
nished a constant power for four months,
and was utllized in sawing planks, The ac-
tion of waves i» more constant on the Pa-
clfic Coast of America than elsewhere, and
some auxillary power, such as a gasoline
eneine, which can be quickly started and
stopped, must be provided for use during
valm dayve, The prime cost of such a ma-
chine need not exceed that of o steam plant,
anid the cost of operating fs much less than
that of any fuel-burning engine. The saving
of coal is a very Important problem, In &
wider sense, we may =ay that the saving
of all the great stores which nature has lald
up fur us Jduring the past, and which have
remained almost untouched until the Nine-
teenth Century, is the great problem of to-
day.

Petroleum and natural gas may disappear,
The ores of gold, silver and platinum will
not Inst forever. Trees will grow, apd fron
ores seem to be practically Inexhaustible.
Chemistry has added a new metal In alu-
minum, which replaces copper for many
purposes. One of the greatest problems of
the Twentleth Century ia to discover soms
chemical process for treating iron by which
oxfdation will not take place.

Coal, next to grain, I3 the most important
of nature's gifte. It can be exhausted or the
cost of mining It become so great that It
cannot be obtained In the countries whers
it is moat needed; water, wind and wave
power may luke Its place to a limited ex-
tent, and grenter use may be made of the
waste gases coming from blast or smelter
furnaces, but as nearly all energy comes
from coal, Its use must be sconomized, and
the greatest economy will come from pul-
verizing coal and using It In the shape of a
fine powder. Inventions have been made try-
Ing to dellver this powder into the fire-box
as fast as made, for it is as explosive as
gunpowder and as dangerous to store or
handle. It this can bs done. thers will bs
a saving of conl due to perfsct and smoke-
less combustion, as the ndmission of alr
can be entirely regulated, the rame biast
which throws in the paowder furnishing oxy-
wen. Some investigators have estimated that
the saving of conl will be as great as 20
per cent. This means 100,000,000 tons of coal
annually.

Bituminons coal will then be as smokeleas
as anthracite, and can be burned {n locomo-
tives. Clties will be free from the nuisance
of wasted coal. which we call.soot. This
process will be the best kind of mechanical
stoking, and will prevent the necessity of
opening the doors of fire-boxes. The holler-
rooms of st:amships will no longer be
“floating hells,” and the firlng of large loco-
motivea will become ensy.

Another problem of mechanical engineer-
ing s to determine whether it will be found
more economical to transform the energy of
coal, at the mines, into electric current and
send it by wire to clties and other places
where It s wanted, or to curry the coal by
rafl or water, as we now o, to such places,
and convert it thers by the steam or gas
engine,

Question of the Method of
Transmission of Power.

Intwcr::tthaﬂutu::thodumhnﬂ
that hills refuse now represonting
locke3-up capital can be burped, and the
cost of erangportation and handling be
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saved. Electric energy can now transport
power in high voltage econgmically Letween
coal mines and most large citles.

The secand method has the sdvantage of
not depending on one single source of sup-
ply, that muy break down, but in having tbos
energy stored In coal pockets near by the
place of use, whore It can be applied o sep-
arate units of power with no fear of fallure,

It seems probable that a combination of
the two systems will produce the best re-
sults,. Where power can be sent electrically
from the mines for less cost than the coal
can be transported, that method will be
used,

To prevent stoppage of works, the sepa-
rate motors and u store of coul, to be used
in cases of emergency, will still be needed,
Just as has been described as necessary to
the commercial success of wave motors,

Any attempt by the wrller of this articls
to trace the progress of electricity would
be but a valn repetition. after the nad-
mirable manner in which the subject has
been treated In a former paper of thls pe-
rles by Frofessor Ellhu Thomson,

We can only once more emghasize the
fact that It Is by the unlon of four separate
claszes of minds—sclentlfic discoverics, {n-
Yentors, engineers and capitalists—that thia
vust new industry has been created. which
glves direct employment to thousands, and,
83 Hacon sald 300 yeara ago, has “endowed
the human race with new powers,'

All the processes of metallurgy and min-
ing employ statical, hydraulle, mechanical
and electrical engineering. Coal, without
rallways and canals, would be of littie use,
u;ile.-u electrical engineering came to s
ald.

It was estimated by the late Lord Arm-
strong that of tha 460,000,000 to 00,000, w0
tons of coal annually produced In the world,
one-third is used for steam production, one-
third In metallurgical processes, and one-

third for domestle consumption. This last
item seems lurge. It Is the mos Im-
purtant manufacturing Industry in the

world, as may be scen by comparing the
coalless conditlon of the Eilghteenth Cen-
tury with coal-uslng condition of the Nine-
teenth Century.

Next in lmportancs comes the production
of Iron und steel. Steel, on account of [1s
greuat cost and britUeness, was only used
for tools and speclal purposes until pia=t
the middle of the lust century. This has
been all changed by the Invention of h's
steel by Bessemer in 1864, and open-hearih
sieel in the furnace of Slemens, perfected
seme twenty years since by Gilehrist and
Thomas,

The Unlted States have tuken the lead
In steel munufacture. In 1578 Great Britain
made three times ps much steel as the
United Stutes. Now the United States
mikes twice as much us Grent Britaln, or
4 per cent of all the steel made in the
warld. z

Alr, Carnegle has explained the. reason
why, in epigrummutie phrase:  “Thres
pounds of steel blllets can be sold for 2
cents.'*

This stimulates rall and water traffic and
other industries, as he tells us one pound of
st2el requires two pounds of ore, one and
one-third pounds of coal and one-third or o
pound of lmestone,

It Is pot surprising, therefore, that the
Btates bordering on the lukes have created
a traffic of 25,000,000 tons yearly through the
Sault Ste. Marle Canal, while the Suez,
which supplies the wants of half the popu-
lation of the world, has only 7,000,000, or less
than the tonnage of the little Harlem River
at New York.

Industrial Engineering Is the
Child of the Nineteenth Century.

This leads us to our last tople, for which
too little room has been left. Industrinl en-
gineering covers statcal, hydraullc, me-
chanical and electrical engineering, and adds
@ new branch which we may call chemical
engineering. This is pre-eminently a child
of the Nineteenth Century, and is the con-
version of ons thing inte another by a
knowledge of thelr chemieal constituents,

When Dalton first applied mathematics to
chemistry and made it quantitative, he gave
the key which led to the discoverles of Cav-
endlsh, Gay-Lussac, Berzellus, Liebig and
others. This new knowledge was not locked
up, but at once glven to the world and muile
use of. Its first application on & large scile
wns made by Napoleon In encouraging the
manufacture of sugar from beets,

Tha new products were Wenerally made
from what were called “wasts material.'
We now have the manufacturs of snda
bleaching powders, aniline (yes and nthp;r
producta of the dlstillation of conl,alsn conl
oil from petroleum (known fifty or sixty
years ago only 8s a horse medicine), acety-
lene gas, celluloid. rubber goods In al} their
numerous varieties, hixh explosives, semant
artificial manures, artificlal ice, best sug-m-'
and even beer may now be fneluded. ’

Through many age= the alchemists, grop-
Ing in the dark and In ignorance of niture's
laws, wasted thelr time In trying to find
what they ecalled the philosopher's stone,
which they hoped would transform the basvep
metals into gold.

If such a thing could he found it would
be o curse, as It would take away one of
the most ugeful Instruments we have-a
fixed standard of value,

In a little over 1M vears thoee working by
the light of science hava found the trus
philosopher's stone in modern chemlistry.
The value of only & part of these new prod-
ucts exceeds the nominal valus of all the
gold in the world,

The valus of our mechanleal and cheml-
cal products is groat, but It is surpassed by
that of food products. If these did not keep
paca with the Increase of population, the
theorfes of Malthus would be true, but he
never saw a modern reaper. |

The steam plow was (nventsd In England
some fifty years since, but the great use of
agricultural machinery dates from our Civil
War, when so many men were taken from
agricuiture. It became necessary to 1l
their places with machinery. Without
tracipg the steps which have led to i, we
may say that the comomn type ls what Is
called the *“binder,”” and §= a machine
drawn chlefly by animals, and In somse
capes by a field locomotlve,

It euts, rakes and binds sheaves of grain
at one operation. Sometlmes thrashing and
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erent machides are used fo tin
and binding corn, and for muwlnsra:; tnltkE

ing hay, but the most Important of all Is
the %;aln»hlnder. The extent of their uss
may be known from the fact that 75 (00 tons

of twine are used by these machines an-
it s atimated that th
t is estima thers are In the
United States 1,500,000 of thess muchines,
but as the harvest is earller In the South,
there are probably not over L000,000 In use
at ons time, each machine takes the
Jace of sixteen men, this means that 1%.-
,000 men are released from farming fur
ot;;r pursu!tl.uh the hoe'
8 “‘man w L * has disa) red
from the real world, and is onlyppt';‘)1|l ba
und In the dreams of poets,

o

It is falr to assume that & pa
these 15,000,000 men have gone int ni-
facturing, the - e

quarter of its wheat, one-third meat
and | “.n:‘n-ﬂnht'  its Stous, and caes
world's man o Jart of the
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